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Purpose: Ultrastructural assessments of  the dermal microcirculation in patients with 
chronic venous insufficiency have been limited to qualitative morphologic descriptions of  
venous ulcer edges or venous stasis dermatitis. The purpose of  this investigation was to 
quantify differences in endothelial cell structttre and local cell type with emphasis on 
leukocytes and their relationship to arterioles, capillaries, and postcapillary venules 
(VCVs). 
Methods: Two 4.0 nun punch biopsies were obtained from areas of  dermal stasis skin 
changes in the gaiter region of  the leg, as well as from noninvolved areas of  skin in the 
ipsilateral thigh, from 35 patients: CEAP class 4 (11 patients), class 5 (9 patients), class 6 
(10 patients), and five normal skin biopsies from patients without chronic venous 
insufficiency. Electron microscopy was performed on sections at 6700 x and 23,800x 
magnification. At 6700 x endothelial cell thickness was determined, and the number of  
fibroblasts, leukocytes, and mast cells were recorded relative to their proximity to 
arterioles, capillaries, and PCVs. Similarly, at 23,800x endothelial cell vesicle density, 
interendothelial junctional widths, and basal lamina thickness (cuff width) were mea- 
sured. Preliminary evaluation for the presence of transforming rowth factor-[~l (TGF- 
I~l) was performed on three patients using reverse transcriptase-polymerase chain reac- 
tion (RT-PCR). 
Results: Quantitative measurements demonstrated increased mast cell content for class 4 
and 5 patients around arterioles and PCVs and increased macrophage numbers for class 6 
patients around PCVs (p < 0.05). Fibroblasts were the most common cells observed; 
however, no differences were demonstrated between groups. No differences were ob- 
served in interendothelial junctional widths orvesicle densities in arterioles, capillaries, or 
PCVs. Basal lamina thickness was increased only at the capillary level (p < 0.05). The 
results of  RT-PCR for TGF-Igl messenger RNA were positive in the three patients 
studied. 
Conclusions: Our data suggest that (1) mast cells play a role in the pathogenesis of chronic 
venous insufficiency; (2) the effects of  mast cells, macrophages, or both may be mediated 
in part by TGF-[~I; and (3) capillary cuff formation is not associated with widened 
interendothelial gap junctions, but may be a result of  enhanced vesicular transport rate or 
conformational changes in the interendothelial glycocalyx. (J Vasc Surg 1997;26:784-95.) 
Chronic venous insufficiency (CVI) is character- 
ized by injury to the dermis and epidermis. Mthough 
venous stasis dermatitis is a well-recognized clinical 
entity, relatively few studies have investigated the 
ultrastructural changes o f  the microcirculation i this 
patient population. 1-4 Previous reports have limited 
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their analyses to qualitative descriptions of vascular 
abnormalities and lack patient stratification and uni- 
formity of biopsy sites.1 3 The objectives of this inves- 
tigation were to quantify differences in endothelial 
cell structure and local cell type with emphasis on 
leukocytes and their relationship to arterioles, capil- 
laries, and postcapillary venules (PCVs). 
METHODS 
Patient selection and hemodynamic assessment 
Thirty-five patients were enrolled into the study 
and were separated into one of four groups accord- 
ing to the International Society for Cardiovascular 
Surgery/Society for Vascular Surgery (ISCVS/SVS) 
CEAP classification, s Group 1 consisted of five pa- 
tients who had no evidence of venous disease. Skin 
biopsies from these patients erved as normal control 
specimens. Groups 2 through 4 consisted of patients 
with CEAP class 4 (n = 11), class 5 (n = 9), and class 
6 (n = 10) CVI. Class 4 disease is defined as skin 
changes ascribed to venous disease (e.g., pigmenta- 
tion, venous eczema, lipodermatosclerosis). Class 5 
disease is defined as skin changes observed in class 4 
disease with healed ulceration. Class 6 disease i  de- 
fined as skin changes observed in either class 4 or 5 
disease with active ulceration. To assure that the 
observed measurements were a result of CVI alone, 
the following conditions were considered exclusion- 
ary: active infection, cancer, operation within 6 
weeks, rheumatoid arthritis, vasculitis, collagen vas- 
cular disease, history or current use of intravenous 
drug abuse, or use of steroid medications. Before 
enrolling patients into the study, informed consent 
was obtained. The research protocol was approved 
by the institutional review boards of UMDNJ-New 
Jersey Medical School and the East Orange Veterans 
Affairs Medical Center. 
Patients in groups 2 through 4 underwent air 
plethysmography and venous duplex analysis to 
confirm the presence of CVI. The site of valvular 
incompetence, the pattern of reflux, and the loca- 
tion of chronic venous obstruction in deep and 
superficial systems was determined using duplex 
scanning, as previously described by Araki et al. 6 
All duplex scan measurements were performed 
"with a 5 MHz imaging/5 MHz pulsed-wave 
Doppler color flow system (Quantum 2000; Sie- 
mens, Inc., Seattle). An APG-1000 air plethysmo- 
graph (ACI Medical, Sun Valley, Calif.) was used 
to perform the air plethysmographic analysis. The 
majority of patients had bilateral lower extremity 
venous disease. Assignment to a clinical group was 
based on the more severely affected limb. 
Biopsy protocol 
After injecting the biopsy site with 1% lidocaine, 
two 4.0 mm punch biopsies were obtained from the 
gaiter egion in areas of venous tasis dermatitis. One 
biopsy was immediately snap-frozen i liquid nitro- 
gen for tissue growth factor ~ 1 (TGF-[~I) messenger 
RNA (mRNA) analysis. The ,other biopsy was imme- 
diately submerged into 2% glutaraldehydc in 0.15 
mol/L bicarbonate buffer. Two additional punch 
biopsies were obtained from the ipsilateral thigh in 
areas that appeared clinically normal; the biopsies 
were processed as described above. Biopsy sites were 
closed with single prolene sutures, and dressings 
were applied. Sutures were removed on follow-up 
assessment ofthe wound I week later. Biopsies from 
five patients who were undergoing surgery for in- 
frainguinal revascularization served as normal control 
specimens. These normal control patients did not 
clinically exhibit evidence of CVI. Two punch biop- 
sies were obtained from the lower thigh of each 
normal control patient, above their arterial insuffi- 
ciency. Gaiter biopsies were not obtained from this 
group because of possible morphologic alterations 
caused by the arterial insufficiency. 
Biopsies were obtained from uniform sites in the 
gaiter region and ipsilateral thigh. Biopsies in the 
gaiter egion were performed 6.2 _+ 0.7, 8.4 -+ 2.1, 
and 11.7 -+ 3.1 cm superior to the medial malleolus 
for class 4, 5, and 6 patients, respectively. Biopsies 
taken from the thigh were 39.2 + 3.1, 43.1 _+ 3.2, 
and 38.1 _+ 3.9 cm superior to the medial malleolus, 
respectively. Biopsy sites from normal control sub- 
jects were 62.3 _+ 4.3 cm superior to the medial 
malleolus. No significant differences were observed 
in the locations of biopsies. 
Tissue processing 
After 6 to 8 hours of initial fixation in 2% glutar- 
aldehyde in 0.15 mol/L bicarbonate buffer, the bi- 
opsy samples, which contained epidermis and imme- 
diately adjacent papillary and reticular layers of 
dermis, were minced into 5 mm 3 tissue blocks for 
subsequent overnight fixation. Tissue blocks were 
then postfixed in 1% osmium tctroxide in 0.15 mol/L 
bicarbonate buffer, dehydrated in graded ethanols, 
interphased with propylene oxide, and embedded in
Epon. Three tissue blocks were selected randomly 
from each biopsy for ultrastructural morphometric 
analyses. 7 
Technically perfect thin sections (75 nm, as 
judged by the silver-gold interference color) were 
obtained from the tissue blocks. After staining with 
uranyl acetate and lead citrate, a series of micro- 
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Table I. Distribution of disease by 
CEAP classification 
CEAP class 4 patients 
Patient 6 (34 EpAs2-4,I310- 
14,P18,PIK 
Patient 11 C4EpAs2,3PR 
Patient 13 C4EsAs3,Dll-15,PI~o 
Patient 14 C4EvAs4P ~ 
Patient 15 C4EsADll.lsPR, o
Patient 16 C4EpAs3,s,D1 lI 4P R 
Patient 18 C4EvAs3,4Pt~ 
Patient 19 C4EvAs2_4,DloI13,v18P ~ 
Patient 22 C4EvAs3,4P R 
Patient 26 C4EI, As3,s,D 1 l_14PR 
Patient 29 C4EI, A?PI~* 
CEAP class 5 patients 
Patient 4 CsEpAs2_4,D11_15P R 
Patient 9 CsEpAs2,s,D11- 
14,P17,18P R 
Patient 10 C5EpAs4.D11_14PP. 
Patient 12 CsEvAs2 4,D10_15,P18PR 
Patient 17 CsEsADH,13,14Po 
Patient 20 CsEvAs2_4,D1M4P~ 
Patient 2] CsEsAs2,3DI3-13PR 
Patient 23 CsEpAs214,D1 o~ 16,p18P R
Patient 25 CsEsAs4.s,DH~lsPv~ o 
Patient 28 CsEsADl!_lsPv~o 
CEAP class 6 patients 
Patient 1 CtEI~As2,s,D11-14PR 
Patient 2 C6EsAs2-4,D11- 
15,P18PR, O 
Patient 3 C6EsAs3_5,D8_ 
ls,vlsPR,o 
Patient 5 C6EpAs4,P18PI~ " 
Patient 7 CtEvAs3,D13P R 
Patient 8 C6EpAs2,3,D 13.15 ,P18PIK 
Patient 24 C6E1~As2.3,D13_3_4,v18Pv. 
Patient 27 C6EsAs2,S,D 7_ 
15,PlSPR, o
Patient 30 C6EsAs2,D6_13P O 
*Unable to perform acomplete anatomic analysis of venous ys- 
tem with duplex ultrasonography. Venous dysfimction assessed 
with air plethysmography alone. 
graphs were recorded with a Philips 300 electron 
microscope at 6700× and 23,800x.  Three sections 
per block were interrogated with the image analysis 
system. Nine micrographs per section at 6700x and 
18 micrographs per section at 23,800× were exam- 
ined, for a total of  27 and 54 images at the respective 
magnifications per patient. 
At 6700x,  the number of mast cells, lympho- 
cytes, macrophages, neutrophils, plasma cells, fibro- 
blasts, and endothelial cell thickness per microvessel 
were measured in relation to their association with 
arterioles, capillaries, and PCVs. Arterioles were 
identified on the basis of  the presence of a clearly 
identifiable media (at least three smooth muscle cell 
layers); capillaries were identified on the basis of 
absent smooth muscle cell layers; and venules were 
identified on the basis of a less-prominent media 
(two or fewer smooth muscle cell layers). Micro- 
graphs were scanned (ScanJet 4C, Hewlett Packard) 
into an image analysis program (Image Pro Plus, 
Media Cybernetics) for quantitative assessment. Cell 
counts were normalized per ~m 3 endothelium using 
a calibrated area trace of the microvessel's endothe- 
lium as reference. Mean endothelial cell thickness 
was determined by averaging four equidistant cali- 
brated transcellular measurements. 
At 2 3,8 00 X, vesicle density per ixm z of endothe- 
lium, interendothelial junctional width, basal amina 
thickness (cuff thickness), and ribosome density were 
measured in arterioles, capillaries, and PCVs. After 
scanning the micrographs into the image analysis 
program, the endothelial luminal surface areas (~tm 2) 
were recorded using a calibrated trace of luminal 
surface length coupled with known section thickness. 
Counts of endothelial cell vesicles (including those 
attached to the plasmalemma and those free within 
the cytoplasm) were normalized per Ixm 2 luminal 
surface. Three calibrated measurements within each 
interendothefial junctional cleft (excluding focal sites 
of apparent plasmalemmal pposition) were also re- 
corded to estimate the mean width (~m) of the 
respective junctional clefts. Finally, four calibrated 
measurements of  the periendothelial matrix cuffs (in- 
cluding the fibrillar and amorphous stained elements 
of the extracellular matrix) were recorded to estimate 
mean thicknesses (Ixm) of  cuffs immediately sur- 
rounding the respective ndothelia. 
Statistical analysis 
Biopsies obtained from patients without CVI 
were used as normal control specimens. Biopsies ob- 
tained from the gaiter egion of patients from classes 
4, 5, and 6 were compared with each other and with 
normal control specimens. Thigh biopsies were tim- 
ilarly compared with each other and with normal 
control specimens. Intragroup comparisons of gaiter 
biopsies with thigh biopsies were not performed. 
Statistical comparisons of the mean morphometric 
variables were performed with a one-way analysis of 
variance and the Student-Newman-Keuls post-hoc 
test. Significant differences were accepted if the p 
value was less than 0.05. 
Cytokine analysis 
Total RNA isolation. The isolation of total 
RNA was performed using the TRIzol Reagent 
(Gibco BRL/Life Technologies, Gaithersburg, 
Md.)'. 8,9 Briefly, human skin biopsies were homoge- 
nized in TRIzol using a Polytron PT-1200 homoge- 
nizer (Brinkmann Instruments, Inc., Westbury, 
JOURNAL OF VASCULAR SURGERY 
Volume 26, Number 5 Pappas et al. 787 
Tab le  I I .  Cell type and distr ibut ion per ixm 3 endothel ial  cell volume for gaiter region biopsies 
Control Class 4 Class 5 Class 6 p 
Mast cells 
Arterioles 0.18 + 0.05 2.14 + 0.31 2.32 + 0.38 0.8 + 0.07 
Capillaries 4.26 + 0.74 2.8 - 0.98 5,59 ,+ 0.73 0 
PCVs 0.76 _+ 0.75 1.9 + 0.34 2.3 _-2 0.71 0.66 + 0.07 
Macrophages 
Arterioles 1.07 + 0.26 2.11 + 0.43 6.38 + 0 0.37 + 0 
Capillaries 1.1 + 0.17 7.02 + 0.7 1.55 + 0 0 
PCVs 0.41 _+ 0.07 3.08 + 0.39 0.64 + 0.04 5.07 -+ 1.3 
Fibroblasts 
Arterioles 1.48 + 0.53 6.85 + 2.4 4.74 + 0.84 15.02 _+ 12.1 
Capillaries 7.45 + 2.3 13.96 + 5.8 20.91 + 5.1 3.36 -+ 1.1 















*p value comparing class 4 and 5 with control and class 6. 
Tab le  I I I .  Cell type and distr ibut ion per ~m 3 endothel ial  cell volume for thigh region biopsies 
Control Class 4 Class 5 Class 6 p 
Mast cells 
Arterioles 0.18 + 0.05 0.55 + 0.08 1.99 + 0.18 0.39 + 0.05 
Capillaries 4.29 + 0.74 0.88 + 0.04 2.75 + 0 0.93 + 0.17 
PCVs 0.76 + 0.14 3.15 + 0.63 1.59 + 0.39 1.69 + 0.31 
Macrophages 
Arterioles 1.07 +_ 0.26 0.63 _+ 0.05 2.14 -+ 0 0 
Capillaries 1.1 _+ 0.17 4.2 _+ 1.33 0.63 -+ 0 5.52 _+ 1.1 
PCVs 0.4 _+ 0.7 2.15 _+ 0.2 0 1.35 _+ 0.20 
Fibroblasts 
Arterioles 1.48 + 0.53 6.19 _+ 2.9 17.89 + 5.9 3.22 + 0.76 
Capillaries 7.45 + 2.3 10.31 + 5.03 18.01 + 4.9 6.32 -+ 2.2 
PCVs 3.06 -+ 0.9 7.66 + 1.47 21.61 + 5.1 3.49 + 0.65 
p < 0.001" 
NS 
p < 0.05* 
p < 0.001" 
p < 0.001" 





*p value comparing class 4 and 5 with control and class 6. 
I"P value comparing class 5 with control, class 4, and class 6. 
N.Y.). The homogenate  was placed at room temper-  
ature for 5 minutes, mixed with chloroform, and 
then centr i fuged at 12,000g at 4 ° C for 15 minutes. 
Three phases were obtained: a top aqueous phase, an 
interphase, and a bot tom organic phase. After ex- 
tracting the aqueous phase, total RNA was precipi- 
tated by adding isopropanol  and centri fuging at 
12,000g for 10 minutes at 4 ° C. Total  RNA was then 
washed with 75% ethanol  and redissolved in dieth- 
y lpyrocarbonate (DEPC) - t reated water. Quantif ica- 
t ion o f  total RNA was determined with spectropho- 
tometry  and brought  to a final concentrat ion o f  1 
~g/~l. 
Reverse t ranscr ip t ion .  Reverse transcription o f  
mRNA was per formed using the SuperScript Pream- 
plificafion System for First Strand cDNA synthesis 
(Gibco BRL /L i fe  Technologies).  8-1° Briefly, 4 Ixg o f  
total RNA,  1 ~1 o l igo(dT)  (0.5 ixg/~l ) ,  and 7 Ixl 
DEPC- t reated  water were combined and incubated 
at 70 ° C for 10 minutes and then incubated on ice 
for 1 minute. 
A mixture containing 2 Ixl o f  10X PCR buffer, 2 
Ix125 mmol /L  MgC12, 1 txl 10 mmol /L  dNTP ,  and 
2 Ixl 0.1 mol /L  DTT  was added to each sample. The 
samples were incubated at 42 ° C for 5 minutes, i ~1 
(200 units) o f  SuperScript I I  RT was added to each 
sample and incubated at 42 ° C for 50 minutes. The 
RT reaction was terminated after 15 minutes at 
70 ° C and then chil led on ice. One ixl o f  Rnase H 
was added to each tube and incubated for 20 minutes 
at 37 ° C. The final volume o f  each sample (eDNA 
solution) was then brought  to 100 Ixl using water. 
Po lymerase  chain react ion  (PCR) .  PCR was 
per formed as described by Saiki et al.10 Samples con- 
raining 2.5 Ixl o f  cDNA were added to 22.5 ~1 o f  
PCR buffer and amplif ied by PCR. The PCR buffer 
contained 2.5 txl o f  10X thermophi l ic  buffer (500 
mmol /L  KCI, 100 mmol /L  Tr is -HCl ,  and 1% Tri- 
ton X-100),  13.88 I~1 water, 2 ixl o f  10 mmol /L  
dNTP ,  3 Ixl o f  25 mmol /L  MgCI2, 0.125 Ixl o f  Taq 
DNA Polymerase (Promega,  Madison,  Wis.), and 
0.5 Ixl o f  each primer. Using the GeneAmp PCR 
System 9600 (Perkin-Elmer,  Branchburg,  N.J .) ,  the 
final mixtures were heated at 94 ° C for 5 minutes 30 
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Fig. 1. Photomicrograph of microvascular environment 
demonstrates a central capillary surrounded by a mast cell 
(MC), fibroblast (F), and a macrophage (MP). Original 
magnification, 4300 x. 
seconds, amplified for 25 cycles (94 ° C for 45 sec- 
onds, 42 ° C for 45 seconds, and 72 ° C for 2 min- 
utes), heated at 72°C for 10 minutes, and finally 
stored at 4 ° C. 
Aliquots of PCR products were then resolved by 
electrophoresis on 2.0% agarose gels containing 0.5 
txg/ml ethidium bromide in 0.5X Tris-Borate- 
EDTA buffer and visualized under ultraviolet light. 
RESULTS 
Patient population. Thirty-five patients were 
enrolled into the study: control patients (n = 5) and 
CEAP class 4 (n = 11), class 5 (n = 9), and class 6 
(n = 10). All patients were age-matched men (con- 
trol patients, 59 _+ 5.3 years; class 4, 67 _+ 2.6 years; 
class 5, 66 _+ 3.7 years; class 6, 62 _+ 4.3 years). 
Associated medical histories consisted of the follow- 
ing: diabetes (0 patients), coronary artery disease (8 
patients: four CEAP class 4, one CEAP class 5, and 
three CEAP class 6), stroke (2 patients: one CEAP 
class 4, and one CEAP class 5), hypertension (11 
patients: six CEAP class 4, two CEAP class 5, and 
three CEAP class 6), tobacco use (5 patients: two 
CEAP class 4 and three CEAP class 6), prior history 
of deep venous thrombosis (7 patients: one CEAP 
class 4, four CEAP class 5, and two CEAP class 6), 
and prior vein stripping (8 patients: four CEAP class 
5 and four CEAP class 6). 
The clinical, etiologic, anatomic, and pathophys- 
iologic distribution of CVI were determined clini- 
cally and with duplex ultrasonography as per the 
recommended reporting standards of the SVS/ 
ISCVS ~ (Table I). Eight of 30 patients demonstrated 
evidence of postthrombotic abnormalities: two class 
4, two class 5, and four class 6 patients. Twenty-one 
of 30 patients had combined superficial and deep 
venous incompetence: six class 4, seven class 5, and 
eight class 6 patients. Seven patients who had com- 
bined superficial and deep incompetence demon- 
strated concurrent perforator incompetence. Perfo- 
rator incompetence was not observed in patients who 
had isolated superficial vein incompetence. Four class 
4 patients and one class 6 patient had isolated super- 
ficial incompetence, and one class 5 patient had iso- 
lated deep venous incompetence. The mean venous 
filling index and outflow fraction for class 4, 5, and 6 
patients were 4.35 ml/sec and 54%, 9.64 ml/sec and 
50%, and 7.3 ml/sec and 41%, respectively. A venous 
filling index of less than 2.0 ml/sec and an outflow 
fraction greater than 40% were considered normal. 
Cell type and distribution. The most strildng 
differences in cell type and distribution were ob- 
served with mast cells and macrophages (Tables II 
and III). In both gaiter and thigh biopsies, mast cell 
numbers were two to four times greater than control 
in class 4 and 5 patients around arterioles and PCVs 
(2o < 0.05; Fig: 1). Class 6 patients demonstrated no
difference in mast cell number compared with con- 
trols. Mast cell numbers around capillaries did not 
differ across groups in either gaiter or thigh biopsies. 
Macrophages demonstrated increased numbers in 
class 5 and 6 patients around arterioles and PCVs, 
respectively (p< 0.05; Fig. 2). Differences in macro- 
phage numbers around capillaries were observed pri- 
marily in class 4 patients in both gaiter and thigh 
biopsies. 
Analysis of cell type and distribution indicated 
that lymphocytes, plasma cells, and neutrophils were 
not present in the immediate perivasctflar space. Fi- 
broblasts were the most common cells observed in 
both gaiter and thigh biopsies. Except for flbroblasts 
in the vicinity of PCVs in class 5 thigh biopsies, no 
significant differences were observed. 
Endothelial cell characteristics. No significant 
differences were observed in endothelial cell thick- 
ness of arterioles, capillaries, and PCVs from either 
JOURNAL OF VASCULAR SURGERY 
Volume 26, Number 5 Pappas et aL 789 
Fig. 2. Presence of a well-developed perivascular ff (PC) in a patient with class 6 CVI. 
Lymphatic vessel is at edge ofperivascular cuff. Long arrow points at macrophage that appears to 
be entering lymphatic lumen (LL). Cell near this macrophage is a fibroblast. Short arrow 
indicates pericuff macrophage./v denotes a pericuff fibroblast. Original magnification, 4300 ×. 
gaiter or thigh biopsies. Qualitatively, endothelial 
cells appeared metabolically active. Many nuclei ex- 
hibited a euchromatic appearance, implying active 
mRNA transcription (Fig. 3). In most instances, ri- 
bosome numbers were so abundant hat they ex- 
ceeded the resolution capacity of the image analysis 
system (Fig. 4). The prominence in ribosome con- 
tent and the euchromatic appearance ofthe endothe- 
lial cell nucleus strongly suggest active protein pro- 
duction. 
The results of vesicle density/ixm a, interendothe- 
lial junctional width, and basal amina thickness (cuff 
thiclmess) are presented in Tables IV and V. No 
signifcant differences in vesicle density were ob- 
served in gaiter biopsies between groups. Class 6 
patients exhibited an increased number of vesicles in 
arteriole and PCV endothelia from thigh biopsies but 
did not differ compared with gaiter biopsies. The 
mean interendothelial junctional width varied within 
a normal range of 20 to 50 nm. Significantly widened 
interendothelial gap jtmctions were not observed. 
The mean basal amina thickness differed significantly 
at the capillary level in both gaiter and thigh biopsies 
(Fig. 5). Differences were most pronounced in pa- 
tients with class 4 disease. 
Reverse transcriptase-PCR (RT-PCR) data. 
As a preliminary evaluation, gaiter and thigh biopsies 
from three of the 30 CVI patients have been ana- 
lyzed for the presence of TGF-[31 mRNA. Fig. 6 
demonstrates the presence of TGF-[31 in the biopsy 
obtained from a patient with class 5 CVI and the lack 
of a TGF-[31 band in the normal control lane. The 
housekeeping ene G3PDH (glyceraldehyde 3- 
phosphate dehydrogenase) reed as a control for the 
RT-PCR reaction. Similar results were observed in 
another class 5 patient and in one class 6 patient. 
DISCUSSION 
Many authors have described the histologic alter- 
ations associatcd with CVI; however, few invcstiga- 
fions that dctailcd the ultrastructurai changes of the 
microcirculation have been performed. >3,H-1~ Previ- 
ous electron microscopic studics have focused on 
qualitative descriptions of morphologic observations 
and lack patient stratification according to ISCVS/ 
SVS disease classification. 5 Wc addressed these issues 
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Fig. 3. Section through an endothelial cell in a patient 
with class 4 CVI. Nucleus presents a euchromaric (EU) 
appearance and a prominent nucleolus (long arrow). Note 
abundance of ribosomes (short arrows) in the cytoplasm. 
Original magnification, 18,125 ×. 
by stratifying patients according to their CEAP class, 
obtaining biopsies from uniform sites, comparing 
biopsies with those from normal patients, and ana- 
lyzing the data in a quantitative manner. 
The endothelium of the microcirculation is re- 
sponsible for regulation of flow and tissue permselec- 
t iv i tyf l  6q8 Structural alterations in this cell would 
therefore be highly suggestive of abnormal cellular 
function. In patients who have CVI, the endothe- 
lium has been reported to exhibit intracellular 
edema, an irregular cellular surface with multiple 
intraluminal projections, andwidened interendothe- 
lial gap junctions. 1,2 These edematous endothelia 
appear clear, attenuated, and swollen when examined 
with an electron microscope. However, biopsies ob- 
tained from our study population failed to demon- 
strate these changes (Figs. 1 and 2). Measurements 
of endothelial cell thiclmess from arterioles, capillar- 
ies, and PCVs, when compared with control patients, 
were not significantly different, implying a lack of 
intracellular edema. Although irregularities in lumi- 
nal endothelial cell surfaces were observed in patients 
with CVI, similar alterations were observed in nor- 
mal skin biopsies. The corrugated appearance of the 
endothelia is probably a result of tissue processing 
and the lack ofperfusion fixation and not because of 
any inherent abnormalities of the cell caused by ve- 
nous hypertension. 
A pericapillary "halo" caused by extravasation f
macromolecules, a  well as fibrinogen, has been ob- 
served between capillary endothelial cells and the 
interstitium. 1,2,19,2° It has been hypothesized that 
this "microedema" is caused by widened interendo- 
thelial gap junctions, which have been reported to be 
as large as 180 nm? In the current study, however, 
interendothelial gap junctions were uniformly tight 
(ranging from 20 to 50 nm), which suggests that 
alternate mechanisms for tissue edema exist. Possible 
mechanisms include increased transendothelial vesi- 
cle transport, formation oftransendothelial channels, 
or alterations in the glycocalyx lining the junctional 
cleft.21 27 Brown et al.21,22 have observed hyperper- 
meability to macromolecules and fibrinogen in the 
presence of tight interendothelial gap junctions and 
have attributed this to an increased rate oftransendo- 
thelial vesicle transport or by formation oftransendo- 
thelial channels. Although we observed alarge num- 
ber of vesicles per endothelial cell, the number of 
vesicles did not vary significantly between groups. 
This observation however, does not preclude in- 
creased transport ate as a possible mechanism. Alter- 
natively, increased microvascular permeability has 
been documented in the presence of normal micro- 
vascular ultrastructure in postischemic striated mus- 
cle, 23,24 in angiogenic hick chorioallantoic mem- 
brane, 2s and in frog mesentery. 26 According to the 
fiber matrix hypothesis of microvascular t ansport, 
these observations can be accounted for by confor- 
mational changes in the junctional glycocalyx in the 
absence of increased separation of the interendothe- 
lial clefts? 7 The widened gap junctions observed in 
previous reports 1,2 may be a result of biopsies taken 
from ulcer edges or granulating ulcer bases. Biopsies 
obtained from class 6 patients in the current study 
were obtained 5 to 10 cm away from active ulcers 
and may have missed cells that exhibited this phe- 
nomenon. 
Endothelial cells in CVI patients express the ad- 
hesion molecules intercellular adhesion molecule-1 
(ICAM-1) and suggest a heightened state of activa- 
tion. 14 Our morphologic examinations support his 
assertion. We observed vast numbers of ribosomes in 
endothelial cells exhibiting euchromatic nuclei (Figs. 
3 and 4). 2s Quiescent cell nuclei primarily exhibit 
heterochromatin because of tightly wound DNA and 
appear as black stippling around the periphery of the 
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Fig. 4. Section through an endothelial cell in a patient with class 4 CVI. Note abundance of  
r ibosomes (short arrows). Some ribosomes are free in the cytoplasm, whereas others are attached 
to endoplasmic reticulum. Original magnification, 18,125 ×. 
Table IV. Endothelial cells variables according to vessel association for gaiter egion biopsies 
Control Class 4 Class 5 Class 6 p 
Vesicle density/~m 2 
of endothelium 
Arterioles 74 + 0.37 76 ,+ 4.0 85 -+ 8.5 63 + 5.1 NS 
Capillaries 79 + 4.4 76 ± 10.1 85 ± 9.8 57 + 12.2 NS 
PCVs 65 ± 6.3 67 ± 3.0 68 + 5.9 73 ± 5.9 NS 
Junctional width 
(nm) 
Arterioles 50 + 5 30 ± 1 40 + 1 40 + 1 p < 0.01" 
Capillaries 40 ± 1 20 40 + 2 40 + 8 p < 0.001" 
PCVs 30 ± 1 30 ± 1 40 ± 1 30 p < 0.001 t
Basal lamina thickness 
(cuff thickness) 
(b~m) 
Arterioles 0.24 + 0.03 0.35 ± 0.03 0.28 ± 0.04 0.33 -+ 0.03 NS 
Capillaries 0.17 -+ 0.01 0.39 ± O.O6 O.23 -+ O.O4 0.28 ± O.O7 p < 0.05~ 
PCVs 0.17 _+'0.01 0.28 ± 0.01 0.27 ± 0.05 0.54 ± 0.23 NS 
*p value comparing class 4 with control, class 5, and class 6, all within range of normal (20 to 50 nm). 
tP value comparing class 5 with control, class 4, and class 6. 
:~p value comparing class 4 with control and class 5. 
nuc lear  membrane.  Nuc le i  that  act ively t ranscr ibe  
mRNA are euchromat ic  as a resul t  o f  chromosome 
unrave l ing  and  lack per iphera l  s t ipp l ing  when exam- 
ined  w i th  an  e lec t ron  microscope .  These  observa-  
t ions  s t rong ly  suggest  active prote in  synthesis.  What  
prote ins  the  cells are produc ing  is cur rent ly  un-  
known;  however ,  possibi l i t ies inc lude  the  per ivascu-  
lar cuff, cytok ines,  adhes ion  molecu les ,  and  extracel-  
lu lar  matr ix  prote ins .  
The  appearance  and  d is t r ibut ion  o f  per ivascular  
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Table V. Endothelial cell variables according to vessel association for thigh region biopsies 
Control Class 4 Class 5 Class 6 p 
Vesicle density/ixm 2 
of endothelium 
Arterioles 74 ± 0.37 64 + 3.2 72 -+ 0.7 101 ± 26.1 p < 0.05* 
Capillaries 79 ± 4.4 85 ± 9.6 78 ± 5.8 99 ± 9.8 NS 
PCVs 65 ± 6.3 64 ± 2.3 69 ± 3.5 104 ± 4.9 p < 0.001~f 
Junctional width (mn) 
Arterioles 50 ± 5 30 ± 1 40 0 p < 0.05"J" 
Capillaries 40 ± 1 30 30 30 ± 3 p < 0.001~ 
PCVs 30 ± 1 30 ± 1 20 40 p < 0.01" 
Basal amina thickness 
(cuff thiclmess) (~m) 
Arterioles 0.24 ± 0.03 0.32 ± 0.02 0.30 ± 0.03 0,31 ± 0.06 NS 
Capillaries 0.17 ± 0.01 0.48 ± 0.07 0.23 ± 0.05 0.39 ± 0.11 p < 0.01§ 
PCVs 0.17 ± 0.01 0.32 ± 0.01 0.31 ± 0.03 0.19 ± 0.02 p < 0,051[ 
*p value comparing class 6 with control, class 4, and class 5. 
~p value comparing class 6 with control and class 5, and class 4 compared with Class 5. 
~p value comparing control with classes 4, 5, and 6. 
§p value comparing class 4 with control, class 5, and class 6. 
liP value comparing control with classes 4 and 5, and class 6 compared with classes 4 and 6. 
Fig. 5. Section through a capillary in a patient with class 6 
CVI. Note collapsed capillary lumen. A well-developed 
perivascular cuff (PC) surrounds the capillary. Fibroblasts (1:) 
and migrating tails of macrophages (arrows) from an enve- 
lope around perivascular cuff. Original m gnification, 4300 ×. 
cuffs suggests tissue remodeling and angiogenic ac- 
tivity. In biopsies taken from the gaiter region, 
perivascular cuffs were significantly increased around 
capillaries in class 4 patients only. However, thigh 
biopsies demonstrated increased cuff formation in 
capillaries and PCVs in practically all groups com- 
pared with control subjects. The so called "fibrin 
cutP' has been attributed to fibrinogen extravasa- 
tion. 4,29 Experimental animal investigations in tumor 
angiogenesis indicate that extravasated fibrinogen 
forms three-dimensional gels that attract endothelial 
cells, fibroblasts, and macrophages. Over time, the 
fibrin gel is replaced by extracellular matrix proteins 
produced by capillary endothelial cells. 21 These find- 
ings are consistent with previous reports regarding 
perivascular cuffs in patients with CVI and with the 
type and distribution of  cells observed in our study. 
Although fibrinogen is clearly extravasated in pa- 
tients with CVI and is a constituent o f  perivascular 
cuffs, it is not the primary component.  29,13 Cuffs are 
composed of  fibronectin, tenascin, laminin, and col- 
lagens type I and I I I  and fibrin. The predominance of  
these proteins is consistent with the hypothesis that 
fibrin gels elicit capillary ingrowth and are eventually 
replaced by extracellular matrix proteins (Fig. 5). 
The distribution and type of  cells observed in this 
study are consistent with the angiogenesis and tissue 
remodeling hypothesis tated above. Mast cells and 
macrophages were the predominant cells observed 
and are l~alown modulators o f  tissue remodeling. 
Lymphocytes, plasma cells, and neutrophils were es- 
sentially absent from perivascular fields investigated. 
Although Wilkerson et al J  4 reported a predomi- 
nance of  macrophages and lymphocytes in biopsy 
specimens tudied by immunohistochemical analysis, 
the apparent discrepancy may be a result of  the types 
o f  patients tudied. These investigators eported that 
a significant proport ion of  their patients exhibited 
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Fig. 6. Demonstration of message for TGF-[31 in sldn biopsy from a class 5 CVI patient. 
TGF-[31 mRNA by RT-PCR and electrophoresed in a 2% agarose gel. Note that TGF-[31 is 
present in biopsy from class 5 CVI patient (CVIlane) but is absent in normal sldn biopsy (NS 
lane). Housekeeping gene glyceraldehyde-3-phosphate dehydrogenase (G3PDH) served as 
control for PCR amplification. Ladder lane serves a index of base pairs (molecular weight). NC, 
Negative control; PC, positive control. TGF-f31 mRNA denotes lanes in which TGF-[31 cDNA 
samples were loaded for electrophoresis. 
eczematous kin changes. Class 5 patients in the 
current study predominantly exhibited fibrotic sldn 
changes. Eczematous sldn reactions may be lympho- 
cyte-mediated, whereas tissue fibrosis is primarily 
macrophage-mediated.3° 
Mast cells were predominantly observed around 
arterioles and PCVs in class 4 and 5 patients, whereas 
macrophages were observed around these structures 
in class 5 and 6 patients (Figs. 1 and 2). Decreases in 
mast cell density with concurrent increases in macro- 
phage density in class 6 patients may reflect their 
recruitment to ulcer sites by proinflammatory signals. 
However, decreases in mast cell accumulation may 
also be a result of ditficulties in their electron micros- 
copy identification. Mast cells are identified morpho- 
logically by their characteristic granular appearance. 
If  completely degranulated, ifferentiation between a
mast cell and macrophage cannot be performed with 
certainty. In the current study, cells of uncertain type 
were not counted. 
The dynamic regeneration of tissue is a normal 
physiologic process that is necessary for homeostasis. 
Disease occurs when the equilibrium between syn- 
thesis and degradation is disturbed. Chronic inflam- 
matory signals cause continued leukocyte activation 
and secretion of inflammatory mediators and lead to 
tissue destruction or fibrosis. Mast cells may function 
as a control point in the regulation of tissue remod- 
eling and extracellular matrix protein produc- 
t ion.3l  34 The mast cell enzyme chymase is a potent 
activator of matrix metalloproteinase-1 and matrix 
metalloproteinase-3 (collagenase and stromelysin)? 2=*) 
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In an in vitro model using the human mast cell line 
HMC-1, these cells were reported to spontaneously 
adhere to fibronectin, laminin, and collagen type I 
and III, all components of the perivascular cuff. 34 
Chymase also causes the release of latent TGF-[31 
secreted by activated endothelial cells, fibroblasts, 
and platelets from extracellular matrixes. 31 Release 
and activation of TGF-[31 initiates a cascade of events 
in which macrophages and fibroblasts are recruited 
to wound healing sites and stimulated to produce 
fibroblast mitogens and connective tissue proteins, 
respectively (Fig. 1). 3s Mast cell degranulation lead- 
ing to TGF-[31 activation and macrophage recruit- 
ment may explain why we observed decreased mast 
cell and increased macrophage numbers in class 6 
patients. Macrophage migration, as evidenced by the 
frequent appearance of cytoplasmic tails in perivascu- 
lar macrophages, further substantiates the concept of 
inflammatory cytokine recruitment (Figs. 2 and 5). 
Preliminary results of RT-PCR experiments from bi- 
opsy specimens indicate that TGF-[31 mRNA was 
present in two patients with class 5 CVI and in one 
patient with class 6 CVI (Fig. 6). The demonstration 
of mast cells and macrophages around the perivascu- 
lar cuffs of capillaries and PCVs, the presence of 
TGF-[31 mRNA, and the prominence ofmacrophage 
cytoplasmic tails reinforces the concept of leukocyte 
recruitment. 
CONCLUSION 
The purpose of this investigation was to quanti- 
tatively and qualitatively assess the ultrastructure of  
the microcirculation i patients with CVI. This study 
demonstrated that endothel ial  cells at the arteriolar, 
capillary, and postcapil lary level appeared to be in an 
activated state based on the appearance o f  their nu- 
clei and the abundance o f  r ibosomal material. Con- 
trary to previous reports, endothel ial  cells did not  
appear edematous and did not  differ in terms o f  
endothel ial  cell thickness. Interendothel ia l  gap junc- 
tions were predominant ly  t ight, which suggests that 
perivascular "microedema" may be a result o f  other 
mechanisms. The predominant  leukocytes associated 
with the microcirculation i CVI  patients were mast 
cells and macrophages. The presence o f  these cells 
and large cuffs around capillaries and PCVs is consis- 
tent with active tissue remodel ing.  Prel iminary RT- 
PCR data suggests that these interactions may by 
mediated in part by TGF-[31. Future investigations 
should attempt o elucidate the relationship between 
macrophages and mast cells in the pathophysiologic 
mechanism of  CVI,  as well as the cytochemical sig- 
nal ing mechanisms that regulate their function. 
We thank Mr. Larry Hart, Mr. Michael Chambers, and 
Ms. Gwen Carmel for their efforts in patient recruitment 
and Dr. Gary Gwertzman for his help in collecting and 
processing the tissue specimens. 
REFERENCES 
1. Wenner A, Leu HJ, Spycher M, Brunner U. Ultrastmctural 
changes of capillaries in chronic venous insufficiency. Expl 
Cell Biol 1980;48:1-14. 
2. Leu HJ. Morphology of chronic venous insufficiency--light 
and electron microscopic examinations. Vasa 1991;20:330- 
42. 
3. Scelsi R, Scelsi L, Cortinovis R, Poggi P. Morphological 
changes of dermal blood and lymphatic vessels in chronic 
venous insutficiehcy ofthe leg. Int Angiol 1994;13:308-11. 
4. Leu AJ, Leu HJ, Franzeck UK, Bollinger A. Microvascular 
changes in chronic venous insufficiency: a review. Cardiovasc 
Surg 1995;3:237-45. 
5. Porter JM, Moneta GL, International Consensus Committee 
on Chronic Venous Disease. Reporting standards in venous 
disease: an update. J Vase Surg 1995;21:635-45. 
6. Araki CT, Back TL, Padberg FT Jr, Thompson PN, Dur~n 
WN, Hobson RW II. Refinements in the ultrasonic detection 
ofpopliteal vein reflux. J Vase Snrg 1993;18:742-8. 
7. DeFouw DO. Structural heterogeneity within the pulmonary 
microcirculation fthe normal rat. Anat Rec 1988;221:645- 
54. 
8. Chomczynski P, Sacchi N. Single-step method of KNA isola- 
tion by acid guanidinium thiocyanate-phenol-chloroform ex- 
traction. Anal Biochem 1987;162:156-9. 
9. Chomczynski P. A reagent for the single-step simultaneous 
isolation of RNA, DNA, and proteins from cell and tissue 
samples. Biotechniques 1993;15:532-4. 
10. Saiki RK, Gelfand DH, Stoffel S, Scharf SJ, Higuchi R, Horn 
GT, et al. Primer-directed enzymatic amplification of DNA 
with a thermostable DNA potymerase. Science 1988;239: 
487-91. 
11. Marques AS, Graham JH. Stasis dermatitis: a clinicopatho- 
logic and histochemical study. Lab Invest 1966;15:1138-42. 
12. Burnand KG, Whimster I, Clemenson G, Thomas ML, 
Browse NL. The relationship between the number of capillar- 
ies in the skin of the venous ulcer bearing area of the lower leg 
and the fall in foot pressure during exercise. Br J Surg 1981; 
68:297-300. 
13. Herrick SE, Sloan P, McGurk M, Freak L, McCollum CN, 
Ferguson WJ. Sequential changes in histologic pattern and 
extracelhilar matrix deposition during the healing of chronic 
venous ulcers. Am J Pathol 1992;141:1085-95. 
14. Wilkinson LS, Bunker C, Edwards JCW, Scurr JH, Coleridge 
Smith PD. Leukocytes: their role in the etiopathogenesis of 
skin damage in venous disease. J Vasc Surg 1993;17:669-75. 
15. Scott HJ, Coleridge Smith PD, Scurr JH. Histological study 
of white blood cells and their association with lipodermato- 
sclerosis and venous ulceration. Br J Surg 1991 ;78:210-1. 
16. Dur~n WN, Dillon PK. Acute microcirculatory effects of 
platelet activation factor. J Lipid Medlar Cell Signal 1990;2: 
$215-27. 
17. Tomeo AC, Dur~n WN. Resistance and exchange microves- 
sels are modulated by different PAF receptors. Am J Physiol 
1991;261:H1648-52. 
18. Dillon PK, Ritter AB, Dur~in WN. Vasoconstrictor effects of 
platelet activating factor in the hamster cheek pouch microcir- 
JOURNAL OF VASCULAR SURGERY 
Volume 26, Number 5 Pappas et al. 795 
culation: dose-related relations and pathways of action. Circ 
Res I988;62:722-31. 
i9. Haselback P, Voltenweider U, Moneta G, Bollinger A. Mi- 
croangiopathy in severe chronic venous insufficiency evalu- 
ated by fluorescence videomicroscopy. Phlebology 1986;1: 
159-69. 
20. Speiser DE, Bollinger A. Microangiopathy in mild chronic 
venous incompetence (CVI): morphological terations and 
increased transcapiltary diffusion detected by fluorescence 
videomicroscopy. Int J Microcirc Clin Exp 1991;10:55-66. 
21. Brown LF, Dvorak AM, Dvorak HF. Leaky vessels, fibrin 
deposition, and fibrosis: ,a sequence of events common to 
solid tumors and to many other types of disease. Am Rev 
Respir Dis 1989;140:1104-7. 
22. Brown LF, Van De Water L, Harvey VS, Dvorak HF. Fibrin- 
ogen influx and accumulation ofcross-linked fibrin in healing 
wounds and in tumor stroma. Am J Pathol i988;130:455-65. 
23. Suval WD, Hobson RW, Boric MP, Ritter AB, Dur~n WN. 
Assessment of ischemia-reperfasion injury in skeletal muscle 
by macromolecular clearance. J Surg Res i987;42:550-9. 
24. Suval WD, Durln WN, Boric MP, Hobson RW, Berendsen 
PB, Ritter AB. Microvascular t ansport and endothelial cell 
alterations preceding skeletal muscle damage in ischemia nd 
reperfusion i jury. Am J Surg 1987;154:21I-8. 
25. Rizzo V, Kim D, Durkn WN, DeFouw DO. Ontogeny of 
microvascular permeability to macromolecules in the chick 
chorioallantoic membrane during normal angiogenesis. Mi- 
crovasc Res i995;49:49-63. 
26. Clough G, Michel CC, Phillips ME. Inflammatory changes in 
permeability and ultrastructure of single vessels in the frog 
mesenteric circulation. J Physiol (Lond) 1988;395:99-114. 
27. Curry FE, Michel CC. A fiber matrix theory of capillary 
permeability. Microvasc Res 1980;20:96-9. 
28. Rhodin JAG. Cells and organelles. In: Rhodin JAG, editor. 
Histology: a text and arias. New York: Oxford University 
Press, 1974:7-64. 
29. Burnand KG, Whimster J, Naidoo A, Browse NL. Pericapil- 
lary fibrin deposition in the ulcer beating skin of the lower 
limb: the cause oflipodermatosclerosis andvenous ulceration. 
BMJ I982;285:I07i-2. 
30. Rameshwar P, Chang VT, Gascon P. Implication of CD44 in 
adhesion-mediated overproduction of TGF*~I and IL-1 in 
monocytes from patients with bone marrow fibrosis. Br J 
Haematol 1996;93:22-9. 
31. Taipale J, Lohi J, Saarinen J, Kovanen PT, Keski-Oja J. 
Human mast cell chymase and leukocyte lastase release latent 
transforming growth factor-~l from the extracellular matrix 
of cultured human epithelial .and endothelial cells. J Biol 
Chem 1995;270:4689-96. 
32. Saarinen J, Lalkkinen N, Welgus HG, Kovannen PT. Activa- 
tion of human interstitial procollagenase through direct cleav- 
age of the Leua3-Thr s4 bond by mast cell chymase. J Biol 
Chem 1994;269:18134-40. 
33. Lees M, Taylor DJ, Woolley DE. Mast cell proteinases acti- 
vate precursor forms of collagenase and stromelysin, but not 
of gelatinases A and B. Eur J Biochem 1994;223:171-7. 
34. Kruger-Drasagakes S, Grutzkau A, Baghramian R, Henz BM. 
Interactions of immature human mast cells with extracellular 
matrix: expression of specific adhesion receptors and their role 
in cell binding to matrix proteins. J Invest Dermatol 1996; 
106:538-43. 
35. Roberts AB, Flanders KC, Kondoiah P, Thompson NL, Van 
Obberghen-Schilling E, Wakefield L, et al. Transforming 
growth factor ~: biochemistry and roles in embryogenesis, 
tissue repair and remodeling, and carcinogenesis. Recent Prog 
Horm Res 1988;44:157-97. 
Submitted Feb. 24, i997; accepted June 6, 1997. 
